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6HLVPLFLQVXODWLRQLVRQHRIWKHPRVWSURJUHVVLYHW\SHVRIVHLVPLFSURWHFWLRQ6HLVPLFLQVXODWLRQLV
XQGHUVWRRGDVDSSO\LQJVSHFLDOGHYLFHVIRUUHGXFLQJRILQHUWLDOVHLVPLFORDGVDFWLQJRQDEXLOGLQJ
7KHILUVWVHLVPLFLQVXODWLRQXQLWVZHUHGHYHORSHGE\09LVNRQGLQLUROOHUVXSSRUWVLQ$ORWRI
YDULDQWVRIFRQVWUXFWLYHSHUIRUPDQFHRIVHLVPLFLQVXODWLRQV\VWHPV6,6KDYHEHHQSURSRVHGVLQFHWKHQ
EXLOGLQJVZLWKIOH[LEOHORZHUSDUWVIRXQGDWLRQVXSSRUWVRIGLIIHUHQWW\SHVVXVSHQGHGVOLGLQJDQGVR
RQ7KHPRVWSUDFWLFDODSSOLFDWLRQRIWKH6,6ZDVIRXQGLQZKLFKUHVLOLHQWHODVWRIULFWLRQDOYLVFRXVDQG
RWKHUVXSSRUWVKDGEHHQSODFHGEHWZHHQWKHIRXQGDWLRQUHVWLQJRQWKHJURXQGDQGWKHIRXQGDWLRQSODWHRI
WKHEXLOGLQJ>@>@
7KH6SHFLDO(QJLQHHULQJ'HVLJQ2IILFHKDVEHHQGHYHORSLQJIRUDORQJWLPHSURWHFWLRQV\VWHPVRI
HQJLQHHULQJREMHFWVIURPHPHUJHQF\ORDGVLQSDUWLFXODUIURPSRZHUIXOEODVWHIIHFWVRQHQJLQHHULQJ
VWUXFWXUHV7KHZRUNVLQWKDWILHOGRIWHFKQLFDOHTXLSPHQWKDYHVKRZQSRVVLELOLW\RISUDFWLFDOO\DEVROXWH
SURWHFWLRQRISHRSOHDQGHTXLSPHQWIURPVWURQJVHLVPLFHIIHFWVJHQHUDWHGE\EODVWV7KHFRQVWUXFWLRQV
VKRZQORZHUFDQWRRXURSLQLRQVLJQLILFDQWO\PRUHHIIHFWLYHO\VROYHSUREOHPVRIVHLVPLFSURWHFWLRQ
FRPSDULQJWRWKHH[LVWLQJ6,6
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7KH6SHFLDO0HFKDQLFDO(QJLQHHULQJ'HVLJQ2IILFHKDVGHYHORSHGPDQXIDFWXUHGDQGWHVWHGDVKRFN
DEVRUEHUXQLW6$8RIODUJHORDGFDSDFLW\7KH6$83DWHQWRI5)1UHSUHVHQWVDEORFNRI
QXPEHURISQHXPDWLFVKRFNDEVRUEHUV36$FRQFHQWULFDOO\PRXQWHGURXQGWKHJXLGLQJF\OLQGHU7KH
XSSHUSDUWVRIWKH36$DUHFRQQHFWHGZLWKWKHVWDWLRQDU\XSSHUIODQJHWKH36$IRXQGDWLRQLVFRQQHFWHG
ZLWKWKHORZHUIODQJH)LJ7KH6$8FDQKDYHIURPWR36$

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
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
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
7KHPDLQSDUWRIWKH36$LVDUXEEHUFRUGHQYHORSH6DIHW\DQGGXUDELOLW\RIWKH36$LVSURYLGHGE\ZD\
RIFRQQHFWLQJWKHUXEEHUFRUGHQYHORSH5&(WRWKHPHWDOOLFFRQVWUXFWLRQRIWKHVKRFNDEVRUEHUDQG
DOVRE\WKHDUUDQJHPHQWDQGWKHVKRFNDEVRUEHUFDYLW\DPSXOL]DWLRQWHFKQRORJ\5DWLRQDOLW\DQGVDIHW\RI
VXFKFRQVWUXFWLRQKDVEHHQSURYHGE\IDLOXUHOHVVRSHUDWLRQRIWKH36$GXULQJ\HDUV7KHPDLQDQG
FRQVWUXFWLRQDOSDUDPHWHUVRIWKH36$DQGWKH6$8DUHVKRZQLQ7DEOHV
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7KH6$8EHLQJDQHOHPHQWRIWKH6,6SURYLGHV
VWDEOHVWHDG\SRVLWLRQRIWKHVHLVPRLQVXODWHGREMHFWLQWKHLQLWLDOVWDWH
UHODWLYHPRYHPHQWXQGHUHDUWKTXDNHRIWKHVHLVPRLQVXODWHGREMHFWYHUWLFDOO\DQGKRUL]RQWDOO\LQDQ\
GLUHFWLRQLQWKHOLPLWVRIWKHZRUNLQJVWURNHV
DXWRPDWLFUHWXUQRIWKHREMHFWWRWKHLQLWLDOSRVLWLRQDIWHUDQHDUWKTXDNH
7KHSURWHFWHGREMHFWUHVWVXSRQWKHXSSHUPRYDEOHSDUWRIWKHJXLGLQJF\OLQGHURIWKH6$8,QLWVWXUQWKH
ORZHUSDUWRIWKH6$8LVUHVWHGRQWKHIRXQGDWLRQSODWHPRXQWHGRQWKHJURXQG$VHWRIWKH6$8RIWKH
VDPHW\SHPRXQWHGE\WKHDERYHPHQWLRQHGPHWKRGLVDFRQVWUXFWLYHUHDOL]DWLRQRIWKH6,6)LJ
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)LJXUH6KRFNSURRIREMHFWZLWKVKRFNDEVRUEHUXQLWV

(IILFLHQF\RIVXFK6,6KDVEHHQSURYHGDVWKHRUHWLFDOO\VRH[SHULPHQWDOO\'XULQJWHVWVRIVWUXFWXUH
IUDJPHQWVDWWKHVHLVPRH[SORVLYHVWDQGVDJODVVRIZDWHUSXWLQDIUDJPHQWZDVQRWVSLOW
,WLVUHFRPPHQGHGWRXVHWKH6$8ZLWK36$36$IRUVHLVPLFSURWHFWLRQRIVWUXFWXUHVZLWKPDVVXS
WRWRQV7KH6$8ZLWK36$36$LVIRUEXLOGLQJVRIPDVVWRQVDQGPRUH
,IWKHUHDUHDQ\VLJQLILFDQWUHVLGXDOQRQXQLIRUPVKLIWVRIWKHJURXQGXQGHUWKHEXLOGLQJIRXQGDWLRQDIWHU
DQHDUWJTXDNHWKH6$8SURYLGHVSRVVLELOLW\RILWVOHYHOLQJ7KHOHYHOLQJLVLPSOHPHQWHGE\JDVSXPSLQJ
WRWKHFDYLWLHVRIWKHUXEEHUFRUGHQYHORSHV

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
$QHIIHFWLYH6,6FDQDOVREHFUHDWHGRQWKHEDVHRIWKHHODVWRSODVWLFVKRFNDEVRUEHUVGHYHORSHGE\WKH
.%607KHSULQFLSOHIHDWXUHRIWKHVHVKRFNDEVRUEHUVLVWKHFLUFXPVWDQFHWKDWWKH\FUHDWHVSDWLDO
SURWHFWLRQRIWKHREMHFW*RGRJUDSKRIPD[LPXPIRUFHVRIUHVLVWDQFHRIVXFKVKRFNDEVRUEHUVLVDFXUYH
RUDVXUIDFH1XPHURXVHODVWRSODVWLFVKRFNDEVRUEHUVKDVEHHQSURSRVHGDQGXVHGXSWRSUHVHQWWLPHDUH
VLQJOHFRPSRQHQW,QRWKHUZRUGVWKHUHVLVWDQFHIRUFHDFWVDORQJVLQJOHD[LV3DUWRIWKHHODVWLFHQHUJ\LQ
WKHHODVWRSODVWLFVKRFNDEVRUEHULVVPDOO%DVLFDOO\LWGLVSHUVHVPHFKDQLFDOHQHUJ\LHLWLVHVVHQWLDOO\
DGDPSLQJGHYLFH7KHUHIRUHWKHFRQVLGHUHGIXUWKHUWKUHHFRPSRQHQWHODVWRSODVWLFVKRFNDEVRUEHUVDUH
DFWXDOO\WKUHHGLPHQVLRQDOSODVWLFGDPSHUV'Ɋ'
7KH'Ɋ'FRQVWUXFWLRQVDUHGHYHORSHGDVDVSDWLDOFRPELQDWLRQRIURGVDQGSODQHVPDQXIDFWXUHGIURP
SODVWLFVWHHOV0DQ\W\SHVRI'Ɋ'ZHUHGHYHORSHG$VDQH[DPSOHZHVKDOOVHHVRPHRIWKHP$VNLWWOH
EDQGGDPSHULVVKRZQLQ)LJ+RUL]RQWDOPRYHPHQWRIWKHSODQHUHODWLYHWRWKHSODQH)LJLV
FUHDWHGE\IRUPLQJSODVWLFKLQJHVLQWKHJURRYHVRI$DQG%7KH'3'LVWUDQVIRUPHGLQWRDVNLWWOH
ZLWKSODVWLFKLQJHV9HUWLFDOPRYHPHQWRIWKHSODQHUHODWLYHWRWKHSODQHLVLPSOHPHQWHGE\
ZD\RIUROOLQJWKHEDQG&7KH'3'LVVKRZQLQ)LJPDGHRIFXUYLOLQHDUURGVRIFRQWLQXRXV
URXQGFURVVVHFWLRQ0RYHPHQWRIWKHSODQHUHODWLYHWRWKHSODQHDVLQYHUWLFDOVRLQKRUL]RQWDO
GLUHFWLRQVLVSURYLGHGE\EHQGLQJDQGWRUVLRQRIWKHVHURGV
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)LJXUH$VNLWWOHEDQGGDPSHU


)LJXUH$FXUYLOLQHDUURGVKRFN
DEVRUEHU


7KHIROORZLQJDUHHDVLO\SURYLGHGE\FKRLFHRIWKH'3'PDWHULDOHOHPHQWVWKHLUFURVVVHFWLRQVDQGWKH
VSDWLDOFRQILJXUDWLRQ
VWDQGDUGL]HGOHYHORIORDGSDVVHGWRWKHSURWHFWHGREMHFW
FDSDFLW\IRUZRUNRIWKH'3'XQGHUWKHJLYHQQXPEHURIORDGLQJF\FOHV
7KH'3'DOPRVWDOZD\VDOORZWRVROYHDGLIILFXOWIRURWKHUVLPLODUGHYLFHVSUREOHP±LQVWULFW
GLPHQVLRQVWRFUHDWHDYHU\FRPSDFWV\VWHPRISURWHFWLRQRIDQREMHFWIURPVSDWLDOLQWHQVLYHVKRFN
YLEUDWLRQDOHIIHFWV,QLWVWXUQWKH'3'ɫɨɦSDFWQHVVLQFUHDVHVSHUPLVVLEOHGLVSODFHPHQWVUHODWLYHWRWKH
PRYLQJIRXQGDWLRQRIWKHSURWHFWHGREMHFWWKDWDVLWLVNQRZQVKDUSO\JURZVWKHSURWHFWLYHSURSHUWLHVRI
WKHV\VWHP
+DYLQJWKHDERYHPHQWLRQHGVSHFLDOSURSHUWLHVWKH'3'IXOO\VDYHVDOOWKHSRVLWLYHSURSHUWLHVRIVLQJOH
GLUHFWHGSODVWLFGDPSHUV
 VWDELOLW\RIFKDUDFWHULVWLFVXQGHURXWHUFRQGLWLRQVFKDQJHVWHPSHUDWXUHKXPLGLW\DQGVRRQ
 ORQJVHUYLFHOLIHGRQRWUHTXLULQJPDLQWHQDQFH
 VLPSOLFLW\DQGORZFRVWRIPDQXIDFWXULQJ
 UHOLDELOLW\LQRSHUDWLRQ
+RZHYHUWKH6,6GHVLJQLQJRQWKHEDVHRIWKH'3'UHTXLUHVFRQGXFWLQJRIVSHFLDOFDOFXODWLRQV:LWKRXW
WKHVHFDOFXODWLRQVWKH'3'DSSOLFDWLRQFDQEHQRQHIIHFWLYHDQGHYHQHUURQHRXV7KHSULQFLSOH
LQIRUPDWLRQIRUSUHOLPLQDU\HVWLPDWLRQRIWKH6,6HIILFLHQF\LVWKHVXUIDFHSDUDPHWHUVRIWKH'3'IORZ
7KHGHFLVLRQRIWKDWSUREOHPLVQRWGLIILFXOWLQVRPHFDVHV7KXVIRUWKHVNLWWOHEDQG'3')LJLWLV
DF\OLQGHU+RZHYHUIRUWKH'3'VKRZQLQ)LJWKHIORZVXUIDFHFDOFXODWLRQE\WUDGLWLRQDOPHWKRGV
LVKLJKO\GLIILFXOW7KHUHIRUHDVSHFLDOFDOFXODWLRQPHWKRGZDVGHYHORSHG±DPHWKRGRISVHXGRULJLGLWLHV
>@7KH6SHFLDO0HFKDQLFDO(QJLQHHULQJ'HVLJQ2IILFHKDVDVHWRIVRIWZDUHVDOORZLQJWRUHFHLYHWKH
GHFLVLRQRIWKHVHLVPLFSURWHFWLRQSUREOHPWDNLQJLQWRDFFRXQWDOOWKHIDFWRUVLQIOXHQFLQJWKHG\QDPLF
SURFHVV7KH\DUHHIIHFWVRIKDUGHQLQJDQGF\FOLFUHFXUUHQFHRIORDGLQJDFFRXQWLQJRIHODVWLFSURSHUWLHV
RIWKH'3'JHRPHWULFQRQOLQHDULW\DQGVRRQ>@
7KHH[SHULPHQWVKDYHVKRZQVXIILFLHQWDFFXUDF\RIWKHVHFDOFXODWLRQWHFKQLTXHV)LJ
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

0DWHULDOVXVHGLQWKH'3'ZHUHH[SHULPHQWDOO\SURYHGIRUHIIHFWRIWHPSHUDWXUHUDSLGDQGORQJWHUP
ORDGLQJ7KXVWKH'3'KDYHJRQHDIXOOF\FOHRIWKHRUHWLFDODQGH[SHULPHQWDOZRUNRIIDQGDOVRKDYH
EHHQFKHFNHGLQWKHSURFHVVRIRSHUDWLRQ
6PDOOORDGFDSDFLW\DQGSUHVHQFHRIUHVLGXDOVKLIWVRIWKHSURWHFWHGREMHFWDIWHUDQHDUWKTXDNHGRHVQRW
DOORZWRUHFRPPHQGWKHVHHOHPHQWVIRUFUHDWLRQRIWKH6,6VWUXFWXUHLQWKHZKROH
,WLVH[WUHPHO\HIIHFWLYHWRDSSO\WKHVHGHYLFHVDVWKH6,6HOHPHQWVIRUSURWHFWLRQRIWKH133VIDFLOLWLHV
HTXLSPHQWDQGRWKHULQGXVWULDOREMHFWV

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1HZGHVLJQLQJDQGFRQVWUXFWLRQDOVROXWLRQVRIWKHVHLVPLFLQVXODWLRQSUREOHPDUHSURSRVHG7KH\DUH
EDVHGRQWKHXVHRIWKHRULJLQDO6,6HOHPHQWVSHUIRUPHGRQWKHEDVHRIORQJWLPHH[LVWLQJLQWKHRWKHU
ILHOGRIWHFKQLFDOHTXLSPHQWXQLWVVDIHW\DQGGXUDELOLW\RIZKLFKKDYHEHHQSURYHGE\ORQJWHUPVHUYLFH
PRUHWKDQ\HDUV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